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PREFACE 

This documented briefing summarizes the results of an independent review of the vision 
statements, technical roadmaps, and other documents relevant to the Industries of the 
Future strategy, an initiative of the U.S. Department of Energy’s (DOE’s) Office of 
Industrial Technologies (OIT).   

These are the initial results of a study RAND is conducting in support of the OIT 
Industrial Materials for the Future (IMF) program.  The study’s objective is to identify 
and prioritize industrial materials research needed to meet Industries of the Future 
objectives.  The study will provide data and analysis that will support an advanced 
materials research and development (R&D) portfolio to meet the future needs of OIT and 
the nine Industries of the Future. 

The study is being performed under the auspices of RAND Science and Technology and 
is being conducted for the National Renewable Energy Laboratory (NREL).  Inquiries 
regarding RAND Science and Technology may be directed to the addresses below. 
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SUMMARY 

The Office of Industrial Technologies (OIT), part of the DOE’s Office of  Energy 
Efficiency and Renewable Energy, develops and delivers advanced energy efficiency, 
renewable energy, and pollution prevention technologies for U.S. industrial applications.  
OIT’s strategy for achieving these goals is called Industries of the Future.  Key to this 
strategy are partnerships with industry, in the form of a series of teams consisting of 
representatives of the nine energy-intensive industries on which OIT is focusing its R&D 
portfolio.  Each of the teams—aluminum, glass, steel, metal casting, petroleum, mining, 
forest products, agriculture-bioproducts, and chemicals—has developed its own vision 
statement and technology roadmap.1  These documents encapsulate the technology 
performance targets the teams believe will increase energy efficiency and productivity 
and reduce environmental impact. 

The Industrial Materials for the Future (IMF) program was formed in FY 2000 and 
incorporates two OIT programs:  Advanced Industrial Materials (AIM) and Continuous 
Fiber Ceramic Composites (CFCC).  IMF provides data and analysis supporting an 
advanced materials R&D portfolio to meet the future needs of OIT and the Industries of 
the Future.  Specifically, IMF’s mission is to research, design, develop, engineer, and test 
new and improved materials, as well as more profitable uses of existing materials.2  The 
IMF program plan notes that the OIT industry teams address short-term materials needs 
for specific industries.  IMF does not support materials technologies of sufficient 
maturity to compete for such team funding.  Rather, IMF focuses on the longer-range 
needs of industry by sponsoring R&D that requires nurturing to mature enough to 
compete for OIT industry team funding. 

IMF emphasizes materials needs common to multiple Industries of the Future.  The IMF 
program’s strategy is to identify and support promising technologies to the point that 
they can be demonstrated in industrial applications.  Accordingly, approximately one-
third of IMF funding is dedicated to core research that underpins these research areas.  
The program focuses on filling the gaps between the basic research that the DOE Office 
of Science conducts and the nearer-term applied R&D projects that the OIT industry 
teams sponsor.  Finally, IMF is seeking to develop classes of materials with suites of 
properties beyond the capabilities of existing commercial materials.

_____________  
1The vision statements and technical roadmaps are available at http://www.oit.doe.gov.  
2DOE, Office of Energy Efficiency and Renewable Energy, Office of Industrial 
Technologies, Program Plan for Fiscal Years 2000 Through 2004, Industrial Materials for the 
Future (IMF),  July 2000, p. i. 
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RAND conducted an independent review to identify materials research needs that both 
(1) arise from the goals and objectives of OIT’s Industries of the Future strategy, as 
delineated in the vision statements and technical roadmaps, and (2) are consistent with 
the mission of the IMF program.  To create a basis for this identification, RAND 
developed a series of matrices, one for each of the nine OIT industries, that present these 
research needs.  These matrices are on the enclosed compact disc, as an Excel file.   

This documented briefing explains the procedures RAND used to construct the 
performance target–research priority matrices and to identify the high-priority materials 
research needs that are consistent with IMF’s mission.  The enclosed compact disc also 
provides a color version of the briefing slides, as a Portable Document Format (PDF) file, 
to better illustrate the matrices, as well as a PDF of this documented briefing. 

PERFORMANCE TARGET–RESEARCH PRIORITY 
MATRICES 
There is a performance target–research priority matrix for each of the nine OIT 
industries.  The rows present the performance targets from the Industries of the Future 
technology roadmaps.  Each grouping of three columns represents a high-priority 
materials R&D need from either the industry roadmaps or a recent National Materials 
Advisory Board (NMAB) review of the materials needs of these industries.3  The 
individual columns indicate specific numbers of projects that address each need that 
each of three groups—DOE’s Office of Science, the IMF program, and the OIT industry 
teams (vision teams4)—is currently sponsoring.5 

After constructing the matrices, RAND’s next step was to identify materials R&D 
activities that both have high priority for the OIT industries (that is, they address the 
materials R&D needs in the matrices) and that are consistent with the IMF mission.  This 
dictated emphasizing less-mature technologies and research that could potentially 
provide combinations of properties not found in existing commercial materials.  RAND 
ruled out areas in which the industry teams are already sponsoring research, unless there 
was a clear need for additional core research or for multiple-industry research to provide 
new materials technology options for future industry team efforts.  Table S.1 presents the 
resulting list of high-priority materials R&D for the nine Industries of the Future.  The  

_____________  
3NMAB, Materials Technologies for the Process Industries of the Future: Management Strategies 
and Research Opportunities, NMAB-496, National Academy Press, 2000. 
4Vision team (VT) is an older term for the OIT industry teams; the abbreviation is used in 
the matrices and is therefore retained in the slides. 
5Data for the matrices came from Energy Materials Coordinating Committee (EMaCC) 
Annual Technical Report, Fiscal Year 1999, DOE/SC-0025, October 31, 2000; Materials 
Sciences Programs, Fiscal Year 1997, DOE/SC-0001, October 1998; OIT Web site. 

 vi 



Table S.1 

High-Priority Materials R&D 

Industry Needed Materials Research 

Aluminum High-temperature materials, including refractories 
 Casting 
 Advanced forming 
 Tool and die materials 
 Databases and modeling 
 Joining and welding 
 Materials for highly caustic environments 
 Rolling and extrusion 
 Products and microstructure processing 
Glass High-temperature materials database 
 Robust nonrefractory materials 
 Hot glass contact materials 
 Improved refractories 
 Improved heat-recovery materials 
 Coatings 
 Multiple sensor needs 
 Glass melting and forming models 
 Surface and interface properties 
 Use of microwaves and ultrasonic means of controlling 

glass shape 
Steel Wear-resistant materials 
 High-temperature materials and refractories 
 Coating properties, processing, and applications 
 Tooling 
 Joining 
 Process modeling 
 Refractory repair (for cokemaking) 
 Energy-saving processes 
Metal casting Computer design tools 
 Mold and die fill modeling 
 Casting (properties, microstructure, and 

processing) 
 Dies and coatings 
 Refractories 
 Reduced emissions 
 Joining of new alloys 
 Testing standards 
 Waste-stream treatment, recycling, and use 
Chemicals Ceramic and composite reliability and 

performance data 
 High-temperature materials, including refractories 
 Erosion- and corrosion-resistant materials and 

coatings 
 Materials for separations 

 vii 



Table S.1—Continued 

Industry Needed Materials Research 
 Joining, including oxide dispersion strengthened 

superalloys 
 Thermophysical, kinetic, mechanical materials data 
 Stress-corrosion cracking of construction materials 
 Nondestructive evaluation (NDE) for fracture 

toughness 
 Surface chemistry modeling 
 Composition-corrosion relationships for carbon steel 
Petroleum Membranes 
 Catalysts 
 Combustion and yield modeling 
 Fouling-resistant materials and coatings 
 Computational catalyst design 
 NDE and inspection 
 Corrosion monitoring 
 In situ residual stress measurement 
Forest products Separation technologies 
 High-temperature materials, including refractories 
 Erosion- and corrosion-resistant materials 
 Welding 
 Databases and modeling 
 Environmentally conscious treatments 
 Drying and pressing 
 Sensor materials 
 Adhesives 
 Waste and by-product treatment, extraction, and use 
Agriculture Separation technologies 
 Materials for harvesting equipment 
 Materials for new reactors/fermentation 
 Materials for biocatalysis 
 Standards and product quality 
Mining Wear-resistant materials 
 Physical separation 
 Process modeling and simulation 
 Mineral characterization 
 Membrane systems 
 By-product characterization, recycling, and use 
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areas that IMF is addressing as of this writing appear in plain type; those the program is 
not currently addressing are in italics. 

MULTIPLE-INDUSTRY RESEARCH PRIORITIES 

Several IMF R&D priorities that emerged from the review of the matrices apply to more 
than one of the nine industries and thus form the basis for a research portfolio consistent 
with the IMF mission.  Table S.2 presents these multiple-industry research priorities, 
together with the industries to which each applies.  The first six priorities apply to a 
majority of five or more of the Industries of the Future; the remaining five apply to no 
more than four of them. 

Figure S.1 shows how the IMF multiple-industry research priorities in Table S.2 meet the 
requirements of from three to all nine industries.  Of the eight multiple-industry research  

Table S.2 

IMF Multiple-Industry Research Priorities 

Priority Industries 
Corrosion-, erosion-, and wear-resistant 

materials 
Aluminum, glass, steel, metal casting, 

chemicals, petroleum, forest products, 
agriculture, mining 

Databases and modeling Aluminum, glass, steel, metal casting, 
chemicals, petroleum, forest products, 
mining 

High-temperature materials and 
refractories 

Aluminum, glass, steel, metal casting, 
chemicals, forest products 

Membranes and physical separation Chemicals, petroleum, forest products, 
agriculture, mining 

Joining and welding Aluminum, steel, metal casting, chemicals, 
forest products 

Coatings Glass, steel, metal casting , chemicals, 
petroleum, forest products 

Waste and by-product treatment, 
recycling, and use 

 
Metal casting, forest products, mining 

Casting (microstructure and processing) Aluminum, steel, metal casting 
Tools and dies Aluminum, steel, metal casting 
Sensor materials Glass, forest products 
Standards, product quality, and testing Metal casting, agriculture 
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Figure S.1—IMF Multiple-Industry R&D Priorities 

priorities, anywhere from two to seven can apply to any one industry.  Sensor materials 
and standards, product quality, and testing each applied to only two of the industries, 
and thus are not shown. 

CORE RESEARCH 
Each IMF multiple-industry research area requires underpinning core research.  For 
example, developing erosion- and corrosion-resistant high-temperature materials 
requires research on high-temperature properties and erosion-corrosion resistance and 
may well also require database development, if new regimes or suites of properties are 
being sought.  The recent development and application of high-temperature intermetallic 
alloys to heat-treating fixtures, steel transfer rolls, burner tubes for chemicals and 
petroleum processing, and forging dies is instructive.  Achieving a suite of properties 
useful for these applications required new compositions and new processing methods to 
develop alloys that were castable, weldable, and corrosion resistant. 

Similarly, pursuing the multiple-industry research areas shown in Figure S.1 will require 
IMF to explore the following core research areas: 

• database development 

• high-temperature properties 

• wear, erosion, and corrosion resistance 

• processing and properties relationships 
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• modeling of processing, forming, and deposition 

• separation methods 

• materials for sensors 

• materials chemistry 

• surfaces, interfaces, and joining. 

The research in these core areas will provide the opportunities to develop new materials 
and processing technologies to achieve the Industries of the Future performance targets 
that depend upon materials research.  Each core research area underpins one or more of 
the multiple-industry R&D areas. 

Three crosscutting OIT programs provide research that supports multiple Industries of 
the Future:  IMF, Combustion, and Sensors and Controls.  In addition, to support the 
Industries of the Future, OIT sponsors programs in three supporting industries:  heat 
treating, forging, and welding and joining.  Table S.3 presents the multiple crosscutting 
programs and supporting industry research priorities, together with the programs and 
industries to which each applies. RAND based this list on its review of the existing 
program plans, vision statements, and technology roadmaps of the crosscutting OIT 
programs and supporting industries and on its identification of the materials R&D 
priorities that are consistent with the IMF mission.  The enclosed compact disc also 
includes a matrix supporting this analysis.  While the R&D categories are the same as 
those for the Industries of the Future, the research areas have a different relative 
importance for the crosscutting programs and supporting industries.  For example, two  

Table S.3 

IMF Multiple Crosscutting Programs and 
Supporting Industry Research Priorities 

Priority Industries 
Databases and modeling Heat treating, forging, welding, sensors, 

combustion 
Sensor materials Heat treating, forging, welding, sensors, 

combustion 
Standards, product quality, and testing Heat treating, forging, welding, sensors, 

combustion 
High-temperature materials and 

refractories 
Heat treating, welding, sensors, 

combustion 
Waste and by-product treatment, 

recycling, and use 
Heat treating, sensors, combustion 

Corrosion-, erosion-, and wear-resistant 
materials 

Forging, welding, sensors 

Membranes and physical separation Sensors, combustion 

 xi 



Forging
Welding and

JoiningHeat TreatingCombustionSensors

Waste and
by-product
treat and use

Membranes and
physical
separations

High-temp.
materials and 
refractory

Databases and
modeling

Corr-, eros-,
wear- resistant
materials

Testing and
standards

Sensor
materials

Programs and industries

R
es

ea
rc

h
 p

ri
o

ri
ty

 a
re

as
 

 

Figure S.2—IMF Multiple Crosscutting Programs and  
Supporting Industry R&D Priorities 

research areas—(1) sensor materials and (2) standards, product quality, and testing—
each applied to only two of the OIT industries but applied to all five of the crosscutting 
programs and supporting industries. 

Figure S.2 shows how the research priorities in Table S.3 meet the requirements of from 
two to all five of the crosscutting programs and supporting industries.  Of the seven 
multiple-industry research priorities, four to seven apply to any one program or 
industry.  The figure does not show (1) joining and welding, (2) coatings, and (3) casting 
and tools and dies because no more than one crosscutting program or supporting 
industry identified these as priorities. 

NEXT STEPS 
RAND will continue work on this project by describing materials performance goals for 
the multiple-industry R&D areas that emerged from the analysis of this documented 
briefing.  The next step after that will be to describe the technical challenges—which in 
many cases will require core research efforts—as well as the benefits, of achieving these 
performance goals. 

The final step in the project will be to prioritize the IMF research activities, emphasizing 
those that fill the gaps between the basic research efforts of DOE’s Office of Science and 
other organizations and the industry-specific research efforts of the OIT industry teams. 
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ABBREVIATIONS 

AIM Advanced Industrial Materials 

CFCC Continuous Fiber Ceramic Composites 

DOE Department of Energy 

EMaCC Energy Materials Coordinating Committee 

FY Fiscal year 

IMF Industrial Materials for the Future 

NDE Nondestructive evaluation 

NMAB National Materials Advisory Board 

OIT Office of Industrial Technologies 

OS Office of Science 

R&D Research and Development 

SBIR Small Business Innovation Research 

VT Vision team 
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